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b-CyclodextrinAbstract Herein we have studied the interaction of b-cyclodextrin (b-CD) with the amphiphilic
drug promazine hydrochloride (PMZ) by using conductimetry and viscometry. From the observed
results it was concluded that critical micelle concentration (cmc) of the pure drug was lower than the
apparent critical micelle concentration (cmc*) of the drug in the presence of b-CD. The cmc*
increased on increasing the concentration of b-CD due to the encapsulation of the amphiphilic drug
to the hydrophobic cavities of the b-CD which delayed the micelle formation. Viscosity of the solu-
tion decreased drastically on the addition of b-CD which further increased on increasing the drug
solution. Free energies of micellization (DGmic) were calculated with the help of degrees of micelle
ionization and cmc obtained from the speciﬁc conductivity[PMZ] plots. Micellization was found
to be less spontaneous in the presence of cyclodextrin.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University.
D license.1. Introduction
Amphiphilic substances, such as lipids, proteins and surfac-
tants, are imperative in their applications to biological and
chemical sciences. Their tendency to bear hydrophobic as well
as hydrophilic characters makes them suitable agents to per-
form various vital tasks. Several drug molecules (for instance,
tricyclic antidepressants, phenothiazine tranquilizers) knownto possess the amphiphilic behavior and form micelle like
aggregates at or above certain concentrations (Attwood
et al., 1997; Schreier et al., 2000; Kabir-ud-Din et al., 2010)
called critical micelle concentration. Their aggregation number
is generally lower as compared to that of typical surfactants.
Promazine hydrochloride, PMZ (Scheme 1) is a phenothiazine
tranquilizer drug and possesses amphiphilic behavior (Schreier
et al., 2000). Phenothiazines are therapeutic agents and have
antihistamine and antipsychotic effects. Anticholinergic side
effects are associated with the overdose of promazine (Garroni
et al., 2003).
Polymers and/or oligomers have extensive applications in
drug delivery formulations. They are used in sustained as well
as targeted drug deliveries (Jain, 2008; Ranade and Cannon,
2011). While targeted delivery helps in the release of the drug
to the site of action only keeping other parts safe from the un-
wanted side effects of the drug, sustained delivery helps to
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Scheme 1 Structure of promazine hydrochloride (PMZ).
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Figure 1 Plot of speciﬁc conductivity (j) versus [PMZ] at 25 C.
84 Mohd. Sajid Ali et al.avoid the problems caused by the overdose. As the drugs
belonging to the phenothiazine category have some kind of
side effects, therefore, it can be minimized if the drug is
vectored using a suitable carrier.
Cyclodextrins (CD) are very interesting cyclic oligosaccha-
rides due to their ability to encapsulate various molecules such
as amphiphilic and hydrophobic substances (Bender and
Komiyama, 1978; Saenger, 1980; Armstrong and Stine, 1983;
Hamai, 1990). It is the hydrophobic cavity of CDs which is
responsible for the encapsulation of such substances. They
are suitable agents for the vectorization of the insoluble as well
as poorly soluble drugs (Fromming and Szejtli, 1994). The
encapsulation of surfactants inside the CDs cavity has also
been reported (Tuncay and Christian, 1994; Lu et al., 1997;
Topchieva and Karezin, 1999; Bakshi, 2000; Alam et al.,
2002; Du et al., 2004). In this paper we have studied the inter-
action of b-cyclodextrin (b-CD) with the amphiphilic drug,
promazine hydrochloride, by using conductimetry and viscom-
etry as these are some of the primary techniques to study the
amphiphilic systems.
2. Materials and methods
2.1. Materials
PMZ (99%, Sigma, USA) and b-CD (99%, Sigma, USA) were
used as received. Demineralized double-distilled water of spe-
ciﬁc conductivity (1–2) · 106 S cm1 was used to prepare
the stock solutions of the drug and b-CD. The concentration
of the b-CD was used as desired for the particular measure-
ment (0.1. 0.2, 0.5, 1.0% w/v) while the 200 mM drug solution
was used for the titration. The studies were carried out without
using any buffer solution due to the possible phase separation
of PMZ in the presence of electrolytes (Kim and Shah, 2002).
2.2. Conductivity measurements
The conductivity measurements were executed on an ELICO
(type CM 82T) bridge equipped with platinized electrodes (cell
constant = 1.02 cm1). The conductivity runs were carried out
by adding gradually concentrated PMZ stock solution into the
thermostated water or water containing desired b-CD at tem-
perature of 25 C. The critical micellar concentration (cmc) of
the pure PMZ used was obtained from the plots of speciﬁc
conductivity (j) as a function of the drug concentration. The
cmc values were taken from the intersection of the two straight
lines drawn before and after the intersection point in the plots
(Figs. 1 and 2).2.3. Viscosity measurements
The viscosities were measured using an Ubbelhode suspended
level capillary viscometer. The viscometer was always sus-
pended vertically in a thermostat with a temperature stability
of ±0.1 K in the investigated region. The requisite amount
of drug was added in b-CD solution. These solutions were used
as stock solutions to see the effect of drug concentration. A
high concentration solution was prepared for the drug and fur-
ther lower concentrations were made by dilution from the
above stock. Viscosities of such solutions under Newtonian
ﬂow conditions were obtained as described elsewhere (Kabir-
ud-Din et al., 1996). Density corrections were not made since
these were found negligible (Okezi and Ikeda, 1980).
3. Results and discussion
The speciﬁc conductivity proﬁle as a function of concentration
of PMZ is given in Fig. 1. Critical micellar concentration (cmc)
is the intersection point of the two straight lines which is found
to be at 32.9 mM and in good agreement with the literature va-
lue (Schreier et al., 2000).
Fig. 2 summarizes the speciﬁc conductivity proﬁles of PMZ
in the presence of b-CD. In the presence of b-CD at different
concentrations, the apparent critical micelle concentration is
termed as cmc*. Before the cmc* is reached, another phenom-
enon occurs when the drug is added to the b-CD solution, i.e.,
the formation of the inclusion complex:
CDþ SCDS ð1Þ
The interaction between the b-CD and the PMZ is stronger as
compared to the micellization; therefore, the addition of drug
shifts the above equilibrium toward the complexation between
them (Palepu et al., 1989; Junquera et al., 1993). When all the
b-CD molecules present in the solution are occupied by the
drug monomers, a further addition of the PMZ leads to the mi-
celle formation
0 2 4 6 8 10
32
33
34
35
36
37
38
39
40
cm
c*
 (m
M)
[β-CD] (w/v)
igure 3 Apparent critical micelle concentration (cmc*) of the
rug as a function of b-CD concentration.
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Figure 2 Plots of speciﬁc conductivity (j) versus PMZ concen-
tration at different concentrations of b-CD. The scale shown is for
plot denoted as (n). Other plots have been shifted upwards by 0.5,
1.0, and 1.5 scale units (1 · 102 S cm1), respectively.
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Figure 4 Plots of molar conductivity (K) versus [PMZ] with and
without b-CD.
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The phenomenon undergoing in the system can be understood
in a way that, initially, the system consists of b-CD molecules
only. As the PMZ is added to the solution, its molecules par-
ticipate in the formation of a complex with b-CD resulting in a
very small increase of the monomers of PMZ in solution. It is
perceptible that at certain concentrations of the PMZ when b-
CD molecules become saturated, the micellization of PMZ be-
gins and its cmc* concentration obviously depends upon the
concentration of b-CD. The cmc* of the drug increases linearly
with b-CD concentration (Fig. 3). The intercept of the plot is
consistent with the experimental cmc of pure PMZ. This
behavior conﬁrms the formation of the inclusion complex be-
tween PMZ and b-CD.
The molar conductivity (K) was calculated using
K ¼ ðj j0Þð1000CÞ ð3Þ
where j and j0 are the speciﬁc conductance of the solutions
and water, respectively, and C is the drug concentration in
mol dm3. The molar conductivities for the pure drug and
drug-b-CD aqueous systems are given in Fig. 4. In general,
the molar conductivity decreases as b-CD is added, the reason
being that as the drug ions become complexed by b-CD, they
become less effective as charge carriers on account of the de-
creased diffusion coefﬁcient of the complex, as compared to
the drug alone (Palepu and Reinsborough, 1988). The break
or bump observed in the ﬁgure is due to the formation of
the micelles in the system which lowers the mobility of ions
as compared to the micelle free solutions.F
dThe degree of micelle ionization (a) was calculated by
taking the ratio between the slopes of the linear portions
above and below the break point in the conductivity proﬁles
(Table 1). The larger value of a for the complex micelles is
an indication of an increased degree of ionic dissociation as
a result of the interaction of the amphiphilic drug with b-CD.
The free energy of micellization, DGmic (Barry and Russell,
1972) was calculated using the following equation
Table 1 Critical micelle concentration, degree of micelle
ionization (a), free energy of micellization (DGmic) associated
with the solution properties of b-CD and PMZ at 25 C
evaluated on the basis of conductometric measurements.
% b-CD (w/v) a cmc (mM) DGmic (kJ mol1)
0.0 0.4 32.9 13.6
0.1 0.394 33.8 13.5
0.2 0.394 34.4 13.4
0.5 0.424 36.4 12.9
1.0 0.469 39.9 12.2
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Figure 5 Relative viscosity as a function of [PMZ] in presence
and absence of b-CD.
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There is signiﬁcant change in the values of DGmic as we move
from pure aqueous solution of the drug to the one containing
1% w/v b-CD. The DGmic increases (becomes less negative) as
we move from pure PMZ solution to the one containing 1%
b-CD. That means the presence of b-CD inhibits the micelle
formation due to the encapsulation of the drug monomers to
the hydrophobic cavity of b-CD, hence, micellization occurs
at higher concentrations of the drugs. For higher concentra-
tion of b-CD more amount of drug is needed to saturate the
oligosaccharide, therefore, the energy of micellization becomes
less feasible.
Fig. 5 describes the relative viscosity (gr) results of various
concentrations of PMZ in pure water as well in the presence of
b-CD. The gr of b-CD was higher than that of the pure water.
On adding the small amount of drug, the gr of the binary mix-
ture of PMZ/water and ternary mixture of PMZ/b-CD/water
ﬁrst decreases and then increases on further increasing the
drug concentration. The initial decrease in gr in premicellar
region is mainly due to the lowering in water structure by
the hydrophobic portions of the PMZ (Chakraborty et al.,
2009). The gr remains almost unchanged as the concentration
approaches the cmc and starts increasing on further increase in
concentration, owing to the formation of micelles (Kumar
et al., 2004).4. Conclusions
The interaction between cationic amphiphilic drug promazine
hydrochloride (PMZ) with b-cyclodextrin (b-CD) was studied.
It was found that apparent critical micelle concentration
(cmc*) increases on increasing the b-CD concentration. DGmic
becomes less negative on increasing the b-CD concentration
indicating the decrease in feasibility ofmicelle formation in pres-
ence of b-CD. Viscosity ﬁrst increases then decreases on increas-
ing the PMZ concentration and in the presence of b-CD the
viscosity increment was lower as compared to the pure aqueous
solution of the drug.Acknowledgment
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